The threshold illumination i at the eye from a steady source of light of 1' angular diameter in a field of brightness b was measured for b ranging from zero to about 1500 candles per square foot. The data were obtained by five young experienced observers using both eyes unaided and with natural pupil. A bend in the i, b curve at about b= 1000 myL occurred at the transition from foveal to extra-foveal vision. The relation i= 10-1 0 (l+b)i, where i is in footcandles and b is in millimicrolamberts, expressed the experimental data within a factor of 3 over the entire range.
photometric differences among samples, light sources or light detectors (including the human eye). Thus, in the case of two brown panels as shown in Fig. 3 , Curves A and B, a pair of Filters C and D could be used so as to cause B to JOURNAL OF THE OPTICAL SOCIETY OF AMERICA flicker while A (the standard) remains entirely constant in hue and brightness.
We are much indebted to Mr. James M. Moran for handling all mechanical designing of the flickering filter described above. VOLUME 36, NUMBER S AUGITST, 1946 Visual Thresholds of Steady Point Sources of Light in Fields of Brightness from Dark to Daylight H. A. KNOLL, R. TousEY, AND E. 0. HULBURT Naval Research Laboratory, Washington, D. C. (Received May 8, 1946) The threshold illumination i at the eye from a steady source of light of 1' angular diameter in a field of brightness b was measured for b ranging from zero to about 1500 candles per square foot. The data were obtained by five young experienced observers using both eyes unaided and with natural pupil. A bend in the i, b curve at about b= 1000 myL occurred at the transition from foveal to extra-foveal vision. The relation i= 10-1 0 (l+b)i, where i is in footcandles and b is in millimicrolamberts, expressed the experimental data within a factor of 3 over the entire range.
IN order to determine the visibility of point sources of light against backgrounds of various brightnesses the threshold illumination i at the eye from a steady approximately point source of light in a field of brightness b was measured for b ranging from zero to about 1500 candles per square foot. The data were obtained by five young experienced observers using both eyes unaided and with natural pupil. The principal difference between these experiments and similar work by others, which will be referred to later, lay in the wide range of background brightnesses covered in the present investigation. Two experimental arrangements were used, one for the lower and the other for the higher values of b, shown in Figs. 1 and 2, respectively. In Fig. 1 light from a source S in a housing passed through opal glass 1, through an iris diaphragm 2, to opal glass 3; 3 was reflected by the glass plate 5 to the eyes of the observer at A. S could be moved back and forth from 1, 2 was variable, and by these means the observer 
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VISUAL THRESHOLDS focus and 4-inch diameter; the light was rendered parallel by L and passed through 5 to the eyes of the observer. P subtended an angle of diameter 1 minute of arc at the observer, and 5 about 120.
In Fig. 2 the background brightness b was the opal glass 1 lighted by the "Photospot" lamp S through the water cell 2. This was viewed at a distance of about 20 feet through the 12-inch diameter plano-convex lens L. b was varied over the range from about 108 to 4.5X10 9 mLL by adjusting the distance of S from 1. The color temperature of 1 was about 3100'K; it was found that the threshold data for b>108 m/uL did not depend critically on the exact value of the color temperature. A 50-candlepower automotive spotlight bulb whose brightness was adjustable by means of the neutral wedge 3 was imaged in the curved surface of lens L.
To the observer at A it appeared as source of angular diameter less than 1 minute of arc against the background brightness b. In the observational procedure unaided eyes, natural pupil, no fixation, and "observers choice" were used; that is, the observer looked at the source with both eyes in any way he wished in order to see it best, thereby using foveal vision for high levels and extra foveal vision for low levels of illumination. The background brightness b was fixed; the observer varied the intensity of the point source several times above and below the threshold, then above the threshold and finally down to the minimum intensity at which he could just see the light all the time. This was termed the "threshold for 100 percent seeing"; it was probably a factor of 2 or more above the threshold for which the observer sees the source the present experiments, and probably is covered to some extent in experiments on glare and dazzle.
For analytical use it is convenient to express the observations of Fig. 3 by the approximate relation i= 10-1 0 (l+b b,
where i is in footcandles and b is in millimicrolamberts. The dotted curve of Fig. 3 was plotted from (1) and is seen to agree with the observed smooth curve within a factor of 3 for b ranging over nine orders of magnitude. The threshold data of Equation (2) applies to the case in which a completely opaque source of finite area is between the-background and the observer. In such a case the threshold illumination is ii and may be calculated by means of (2) and the i, b curve of Fig. 3 for sources of angular diameter 1 minute of arc and less. Actually, for a 1' diameter source ii is approximately equal to i for b < 106 m 1 uL, or about 0.3 candle per square foot, and il is considerably greater than i for b> 107 m/iL, or about
